Abstract. As a complex method for manufacturing and development, concurrent engineering has been studied and implemented extensively in the manufacturing industry to speed up production schedules and to reduce costs. One of the tools used in concurrent engineering is computer-aided design or CAD in short. CAD applications in multifunctional knowledge distribution refer to the use of CAD to provide information to di®erent groups of employees in their organisation to sustain new product development activities. Similarly, the move towards knowledgebased competition ampli¯es the importance of bridging actions in addition to tactical coalitions where key role of institutional knowledge, system improvement and knowledge sharing are focussed on. However, very few studies have been conducted on the use of CAD and knowledge management in in°uencing concurrent engineering project performance in Malaysian manufacturing¯rms. Hence, this study focusses on determining the nature of the relationship between CAD use and knowledge management with concurrent engineering project performance in a Malaysian manufacturing¯rm. A survey was conducted within the¯rm, yielding a total of 226 usable responses that were then analysed using SPSS. The¯ndings indicate that there is a signi¯cant positive relationship between CAD use and knowledge management and concurrent engineering project performance. In addition, CAD use for cross-functional information sharing together with the three knowledge management processesinternalisation, combination and externalisation can explain 55.3% of the variance in concurrent engineering project performance. An interesting¯nding of this study based on the multiple regression analysis conducted is that the use of CAD for engineering design and socialisation are not signi¯cant in in°u-encing concurrent engineering project performance. In practice, this¯nding is relevant because when coupled with CAD use, knowledge management approaches that are more externalisation, combination and internalisation-orientated are often practiced if compared to socialisation-orientated activities.
Introduction
Concurrent engineering organisations in attaining synchronisation as well as internal advancement within manufacturing and improvement systems by means of rigid combination in functions along with simultaneous e®orts (Ma et al., 2008) . Abdalla (1999) explains that concurrent engineering is concerned with the factors connected with the product's product life cycle during the design phase. He further adds that this plays a crucial role in manufacturing because facets such as technical performance and cost are often speci¯ed at the design phase of the product life cycle. More importantly, concurrent engineering is not only about doing things`concurrently' but also cooperatively with all stakeholders involved being concerned with improvements in the e®ectiveness and competitive advantage of the organisation (Abdalla, 1999) . Kusar et al. (2004) assert that¯rms are capable of looking forward to market success where customers are given the correct merchandise concerning functionality as well as technical performance, following exact schedules with reasonable cost. They contend that goods that are not produced based on consumer expectations or speci¯cations that reach the market behind schedules or are costly, are seldom successful. Thus, they argue that in new product development, engineers should play an active role in all stages of development, as this is the only means for faster product development.
In concurrent engineering, the integration of CAD systems is required to accentuate on the practical aspects of the systems with the intention of providing e±cient systems, which could support the design and new product development (Anumba, 1996) . Similarly, Liu et al. (2005) contend that¯rms with e®ective knowledge management approaches and measures in place would tend to enjoy above average new product development performance. They also are of the opinion that the knowledge shared within communities enables technologists and engineers to employ process enhancement techniques and assume new measures and new products, making communities of practice (COP) a useful method for e®ective technology and knowledge management. Hence, from the aforementioned studies, it can be observed that both CAD and knowledge management play a role in in°uencing an organisation's product development performance. Gardoni and Dudezert (2005) posit that knowledge management systems (KMS) have been developed in engineering design activities to advance the productivity of these activities. Nevertheless, they found that identifying the in°uences of these systems in the engineering design performance is complicated. Also, as far as CAD applications are concerned, Anumba (1996) believes that it will take some time before integrated design applications that are pertinent to every phase of the design process becomes available.
Malaysia is currently working towards becoming a knowledge-based society, which is critical to the overall development of the sectors in Malaysia (Baber, 2001 ). However, very few studies have been conducted on the factors that promote or impede the practice of concurrent engineering and its e®ect on engineering project performance among Malaysian manufacturing¯rms. Several studies have been carried out on the systemic e®ects of industrial practices such as knowledge management and concurrent engineering on concurrent engineering project performance in Malaysian manufacturing¯rms. The paucity of research ndings on the role of CAD in Malaysian semiconductor manufacturing¯rms therefore necessitates this study.
Hence, this study aims to analyse the relationship of CAD use and knowledge management with concurrent engineering project performance by addressing the research question developed as follows:
\What are the in°uences of CAD and knowledge management approaches on concurrent engineering project performance in a Malaysian semiconductor manufacturing¯rm?"
The organisation chosen for this study is a large semiconductor manufacturing¯rm in Malaysia, which has used CAD and knowledge management approaches in its manufacturing plant. In this quantitative survey-based study, three variables are analysed which are CAD use, knowledge management and concurrent engineering project performance. The sub-variables for CAD use are CAD use for engineering design and CAD use for cross-functional information sharing, whereas for knowledge management it can be categorised into socialisation, externalisation, combination, and internalisation based on the extant literature.
Literature Review
Concurrent engineering refers to interdisciplinary collaboration as well as related e®orts to achieve universal targets in new product development and production along with product retailing (Kusar et al., 2004, p. 2). Concurrent engineering which di®ers from the customary sequential design technique proves to be one of methodical approaches for assimilating concurrent product designs and the associated process involved (Xu et al., 2007) . Starbek and Grum (2002) argue that although consumer requirements concerning the functionalitiy as well as qualities in a product seem to be on the rise, consumers will still not compromise a superior product, and would not tolerate delayed deliveries. The basic concern in concurrent engineering is to make available all relevant information to an agent involved in the design process before the design task begins, whereby the ability and required facilities to disseminate constructive information on a timely basis is of utmost importance (Yassine et al., 1999) . In this context, the use of CAD plays an important role in the dissemination and sharing of information in the early stages of the design and manufacturing processes.
According to Liebowitz (1999) , knowledge management refers to the processes of generating value by harnessing ā rm's advantages by applying arti¯cial intelligence, computer technology, industrial re-engineering, organisational performance as well as other information systems methods and tools. According to Faniel and Majchrzak (2007) , an engineer is apt to using facts sourced from supplementary areas once these facts are made available to them to better understand the domain knowledge and establish the various roles this knowledge may have in the existing problem or issue. Knowledge sharing is observed to be the basis upon which continual enhancement in IT processes and improved product development are founded on (Lee and Chang, 2006) .
The concurrent engineering variables that are further discussed in the next section comprises CAD use for engineering design and CAD use for cross-functional information sharing while the KM aspects are socialisation, externalisation, combination and internalisation. These KM variables are based on the SECI model by Nonaka and Takeuchi (1995, p. 72) which is described in Fig. 1 . The SECI model explains the four conversion modes of knowledge as it is shared by individuals and the tacit and explicit forms of knowledge as it undergoes the conversion process of socialisation, externalisation, combination and internalisation (Nonaka and Takeuchi, 1995) .
CAD use for engineering design
Design engineers frequently come across issues of assimilating distributed multi-disciplinary design and new product development teams that consist of a wide variety and range of pro¯ciencies, skills and knowledge coupled with changing design processes and various business measures as represented in Fig. 2 (Fuh and Li, 2005, p. 572) . CAD technologies allow developments in threedimensional design where predictable two-dimensional sketches using regular measurements can be formed (Budynas and Nisbett, 2008) . Integration in CAD systems is required to focus on the practical facets of the systems with the intention to be e±cient and enable the system to e®ectively support design and new product development (Anumba, 1996) .
CAD equipment allows many simulations on the variations of the product to be run in order to examine and evaluate key design factors such as structural strength, aerodynamics and tolerance, which saves not only time but also allows changes to be made at an earlier stage in the development e®ort than it would normally take (Hartley, 1998, p. 26) . Kruth et al. (1996) suggest that technical engineering drafts are the key conventional intermediate or deliverable with which engineering information is communicated in ā rm. They also reiterate that whether the design is developed via conventional design methods or with the use of CAD, the purpose of the design e®ort remains fundamentally identical. Veeke et al. (2006) quantity and availability of design tools and apparatus increased in tandem with the technological developments in the IT¯eld, allowing tools such as CAD and simulation to become a regular features today.
Using concurrent engineering approaches, Yang et al. (2002) studied the expertise assimilation of CAD/CAM/ CAE and rapid prototyping on the metal forming process and found that the lead time for development was remarkably shortened. Attempts were made to assist every function in product design to satisfy the objective of decreasing its lead time, based on recent computer advancements in the¯eld such as CAD, CAE, CAM and CIM (Portioli-Staudacher et al., 2003) .
However, due to the limitations of legacy systems and software, large amounts of manufacturing data used in iterative design processes are not available for concurrent or shared use, being typically separated into geometric and non-geometric data with the aim of managing these data in parts (Peng and Trappey, 1996) . Anumba (1996) believes that it will take some time before fully-integrated design applications for each phase of the design process are made available. Thus, the following hypothesis is proposed:
H1: CAD use for engineering design correlates with concurrent engineering project performance in a semiconductor-manufacturing¯rm.
CAD use for cross-functional information sharing
CAD use for cross-functional information sharing refers to the degree to which CAD can be utilised for supplying information as well as facts for di®erent groups in their organisation to sustain new product development (Tan and Vonderembse, 2006) . Rosenman and Gero (1999) explain that the utilisation of CAD for record-keeping and modelling have become common practice and allows these digital media to be used to facilitate interaction among dispersed teams. Swink et al. (1996) suggest that networked CAD systems, co-location and integration teams were used to improve information access and information quality in complex environments. Jokinen (1998) explains that the motivation of organisation to increase the availability of design information for designers is expected, especially when this would result in jobs being facilitated more easily, which helps to increase productivity due to the growing number of recycled designs and reduced time spent in seeking knowledge associated with previous assignments required for implementing design activities.
According to Hartley (1998) , the target of CAD use in cross-functional information sharing is for a common database to be made available to all departments in the form that they require and for automated processing of data. However, although most CAD systems are capable at running intricate geometric details of a product throughout its life cycle, not all CAD systems can communicate with each other in a network setting (Chao and Wang, 2001) . If engineers only store records in a CAD¯le format, information and drafts will be organised independently and associated data cannot be concomitantly changed in the database, causing the management of engineering data to be ine±cient (Peng and Trappey, 1996) . Therefore, the following hypothesis is proposed:
H2: CAD use for cross-functional information sharing correlates with concurrent engineering project performance in a semiconductor-manufacturing¯rm.
Socialisation
Socialisation is the construction of new tacit knowledge through the transmission and sharing of tacit knowledge resources in the course of social communication activities (Vaccaro et al., 2009) . Socialisation changes innovative tacit knowledge such as collective mind-mapping representations and technological expertise plus know-how (Choi and Lee, 2002) .
Socialisation results in`sympathised knowledge', such as common intellectual models and technological expertise (Nonaka and Takeuchi, 1995, p. 71) . According to Lee and Choi (2003) , socialisation modi¯es tacit knowledge into new tacit knowledge through social relations with members. Through socialisation, experiences are shared and in doing so, tacit knowledge is created (Salmador and Bueno, 2007) . Lawson et al. (2009) posit that socialisation methods like group conferences, multifunctional teams and joint workshops function to connect people across departments, resulting in the development of intimate communication patterns that generate networks that display inter-reliant societal relations. This would further improve con¯dence levels amongst team members and create more value through new product development groups.
At the organisational level, socialisation a®ects both communal and cultural procedures connected to the continuing organisational actions (Martın-de-Castro et al., 2008) . Lin (2008) explains that workers intensify services, gures, news, commemorations, regulations as well as principles, transferring the rudiments into domestic activities along with attitudes by means of picking up on values and rules from internal organisational cultures during the socialisation process. Persaud (2005) indicates that the degree of socialisation in the midst of internationally discrete R&D units is decided by the level of cultural mix in the¯rm and trust among the various departments. Socialisation is one method through which project teams can improve collaboration throughout a project's lifecycle (Oshri et al., 2007) . Socialisation allows employees to engage in communicative and social activities to trade individual or specialised knowledge (Li et al., 2009) . Bolloju et al. (2002) stress that through socialisation, employees can obtain tacit knowledge by observation, imitation and practice.
With the acknowledgment that not all knowledge can be e®ortlessly captured, codi¯ed and stored, academics and practitioners have examined the characteristics of what is diversely called tacit, soft, implicit or less-structured knowledge (Kimble and Hildreth, 2005) . It has been widely-agreed that tacit knowledge is often a result of implicit learning, which is context-speci¯c, personal and di±cult to communicate (Mittendor® et al., 2006) . Senoo et al. (2007) explain that tacit knowledge refers to subjective knowledge, making it di±cult for people to express it in¯gures which for instance include a person's philosophies, viewpoints, technological expertise and experiences.
According to Gold et al. (2001) ,¯rms must carefully transform aspects of tacit knowledge into explicit knowledge to avoid the loss of e±ciencies in production and innovation. Hence, the following hypothesis is proposed:
H3: Socialisation correlates with concurrent engineering project performance in a semiconductor-manufacturinḡ rm.
Externalisation
Externalisation is the process that enables the conversion of tacit knowledge into explicit notions, often occurring at the conceptual stage generated by discussion or brainstorming (Choi and Lee, 2002) . The externalisation process involves converting tacit knowledge to explicit knowledge that are often characterised by o±cial communications and activities (Hoegl and Schulze, 2005) resulting in the creation of`conceptual knowledge' (Nonaka and Takeuchi, 1995, p. 71) . The externalisation process aims at reducing the reliance of organisations on individual team members, in an attempt to make knowledge independent from individuals (Berends et al., 2007) . According to Salmador and Bueno (2007) , externalisation is a practice of elucidating knowledge obtained from know-how into concepts, hypotheses, models, metaphors or analogies via communication.
Externalisation occurs when the organisation conveys its internal rules of performance or when it unequivocally sets goals or targets in a formal manner (Martın-de-Castro et al., 2008) . Tseng (2009) and Bolloju et al. (2002) assert that knowledge externalisation refers to in the utilisation of on hand knowledge to improve organisational yields.
They elaborate that externalisation occurs once people utilise descriptions when articulating standpoints that reveal or bears meaning to what is often regarded as concealed and hard-to-communicate tacit knowledge.
Externalisation takes place through the use of metaphors, analogies, concepts, hypotheses and models that are viewed as processes of conceptual con¯guration and is prompted by dialogue and communal suggestions (Linderman et al., 2004) . Externalisation helps sta® convey pictorial information or thoughts for new product development and improvement (Tsai and Li, 2007) . During externalisation, the employment of metaphors in discussions is widely practiced at the conceptual stages of a project (Li et al., 2009) .
Nevertheless, Vaccaro et al. (2009) state that the externalisation process is challenging due to tight schedules and is di±cult to sustain with the current capabilities of information and communication technologies, causing them to be principally rooted in peer-to-peer communications or manual compilations. Thus, following hypothesis is proposed:
H4: Externalisation correlates with concurrent engineering project performance in a semiconductor-manufacturing¯rm.
Combination
Knowledge combination involves the establishment of innovative knowledge by substituting and integrating explicit knowledge that currently exist in organisations (Bolloju et al., 2002) . Vaccaro et al. (2009) suggest that this knowledge process results in the creation of novel explicit knowledge through the use of integration, classi¯cation, reclassi¯cation and synthesis of current explicit knowledge. Nonaka and Takeuchi (1995, p. 71) posit that combination gives way to`systemic knowledge', for instance prototypes or new constituent technologies. Combination converts explicit knowledge gathered from within and outside a¯rm into further intricate and organised explicit knowledge that may possibly materialise into action and practice (Li et al., 2009) .
Connection, recon¯guration and alternative expression of explicit elements will result in an organisational combination process (Martın-de-Castro et al., 2008) . However, it may not be certain whether knowledge combination leads to improved product development or continuous improvement and marketing processes (Sapienza et al., 2004) . Therefore, the following hypothesis is proposed:
H5: Combination correlates with concurrent engineering project performance in a semiconductor-manufacturinḡ rm.
Internalisation
Internalisation facilitates the alteration of the organisation's explicit knowledge into personal and team level tacit knowledge (Vaccaro et al., 2009) . Bolloju et al. (2002) suggest that internalisation occurs once explicit knowledge turns into tacit, where¯rm members put together collective explicit knowledge by means of previous information for updating mental representations as well as producing new tacit knowledge. Internalisation produces`operational knowledge' about managing projects, production, NPD and policy implementation (Nonaka and Takeuchi, 1995, p. 71) . Once ā rm goes through moments that calls for decisiveness, shifting its norm of deciphering and executing, knowledge creation would occur through internalisation (Martın-deCastro et al., 2008) . Li et al. (2009) suggest that internalisation plays a key role in new product development or continuous improvement within the organisation. Hence, the following hypothesis is proposed:
H6: Internalisation correlates with concurrent engineering project performance in a semiconductor-manufacturinḡ rm.
Based on the literature review, the CAD and knowledge management variables were divided into several constructs. CAD elements were factored into two constructs consisting of CAD use for engineering design and CAD use for cross-functional information sharing whereas KM elements were factored into four constructs consisting of socialisation, externalisation, combination and internalisation. The relationship between each construct to successful concurrent engineering project performance was therefore hypothesised. Hence, by combining all elements of CAD and knowledge management, the seventh hypothesis is developed:
H7: CAD use and knowledge management in°uence concurrent engineering project performance in a semiconductormanufacturing¯rm.
All the seven hypotheses developed for this study are presented in the research framework proposed for this study that is illustrated in Fig. 3. 
Research Method
The organisation chosen for this study is based in Malaysia over a decade ago and has been applying knowledge management practices and CAD utilisations for more than¯ve years. This organisation has approximately 40000 employees worldwide, with 6000 of them involved in research and development activities. Apart from its Malaysian operations, this organisation also operates in Europe and East Asia.
For this study, questionnaires were distributed to all project leaders in the organisation who form the population for this study. Based on statistics provided by the organisation on projects undertaken in the last two years (since 2009), the organisation had 3000 projects in total. Due to sta® transfers and resignation of project leaders, some projects were discontinued, leaving a total of 2100 projects that still had project leaders who are still employed by the organisation. Therefore, the unit of analysis for this study is the individual projects undertaken in the organisation.
The questionnaire is composed of closed-ended questions adopted from the key sources identi¯ed in the literature (see Table 1 ). Close-ended questions will also allow respondents to make quick decisions by selecting End-users in production planning retrieve speci¯c CAD information. End-users in marketing retrieve speci¯c CAD information and/or CAD¯les for their work.
Socialisation
There is information gathering from sales and production sales.
( Lee and Choi, 2003, p. 224) 0.842
We share experiences with suppliers and customers. We engage in dialogue with competitors. New strategies and market opportunities are found by wandering inside the¯rm. The work environment allows peers to understand the craftsmanship and expertise.
Externalisation
Employees use creative and essential dialogues in the¯rm.
( Lee and Choi, 2003, p. 224) 0.762
Employees practice deductive and inductive thinking. Employees utilise metaphors in dialogues for concept creation. Employees exchange various ideas and dialogues. Employees give subjective opinions.
Combination
Strategies are planned by using published literature, computer simulation and forecasting.
( Lee and Choi, 2003, p. 224) from the options available, thereby increasing the response rates for the study (Zikmund, 2003) . In this study, the attitudinal scales used are seven-point Likert-type scales.
Respondents were asked to choose one out of many response alternatives, which are based on the seven-point Likert-type scale. This scale is chosen because psychological research has proven that people will have complexities reliably making more than seven distinctions (Weisberg et al., 1996) . 2100 questionnaires were distributed to the project leaders of the 2100 projects to be completed. The questionnaires were collected within six weeks with 226 usable responses, which produced a response rate of 11 percent.
Cronbach's alpha is used to evaluate the internal consistency of the survey items (Tong, 2007) . This analysis measures the extent to which item responses obtained at the same time correlate highly with each other' (Tong, 2007, p. 118) . Typically, the alpha value can range from 0 to 1. The rule of thumb with regard to Cronbach's alpha is that an alpha coe±cient must be above 0.7 to be acceptable (Cronbach and Shavelson, 2004; Nunnally and Bernstein, 1994 ). The reliability test shows that the Cronbach's alphas for all sub-variables are acceptably, with alphas above 0.7.
In addition, seven-point Likert-type scales were used in this study because it is good research practice to add a middle alternative that represents the best description the respondents' feelings (Weisberg et al., 1996) . Furthermore, Linton (2007, p. 2) , highlights that`past practices such as binary (yes/no) variables and¯ve-point Likert scales are increasingly unwelcome in journals'.
Pearson's correlation is used in the analysis of data to examine the signi¯cance, nature, direction and bivariate relationship of the variables used in this study (Sekaran, 2003) . More speci¯cally, this test was used to evaluate Hypotheses 1, 2, 3, 4, 5 and 6. Multiple linear regression is chosen to examine Hypothesis 7, which aims to ascertain the relationship of CAD use and KM (independent variables) with concurrent engineering project performance (the dependent variable). Chong (2007, p. 92) further points out that multiple linear regression`can establish the relative predictive importance of the independent variables (by comparing beta weights) and can also establish that a set of independent variables explains a proportion of the variance in a dependent variable at a signi¯cant level (through a signi¯cant test of R 2 Þ'.
Results

Correlation analysis
Pearson's correlation analysis is used to evaluate Hypotheses 1, 2, 3, 4, 5 and 6. The results of the correlation analysis are explained in the following sections. The following tables present the results of CAD use in concurrent engineering project performance. Table 2 presents the correlation analysis used to evaluate`Hypothesis 1: CAD use for engineering design correlates with concurrent engineering project performance in a semiconductormanufacturing¯rm'. The Pearson's correlation between CAD use for engineering design and concurrent engineering project performance is 0.489 with a p-value of 0.000. Therefore, the relationship between CAD use for engineering design and concurrent engineering project performance is positive and signi¯cant. Hence, Hypothesis H1 is supported. Table 3 presents the correlation analysis used to evaluate`Hypothesis 2: CAD use for cross-functional information sharing correlates with concurrent engineering project performance in a semiconductor-manufacturinḡ rm'. The Pearson's correlation between CAD use for cross-functional information sharing and concurrent engineering project performance is 0.540 with a p-value of 0.000. Therefore, the relationship between CAD use for cross-functional information sharing and concurrent engineering project performance is positive and signi¯cant. Hence, Hypothesis H2 is supported.
The following tables present the¯ndings of the correlation analysis between the sub-variables of KM, i.e. socialisation, externalisation, combination and internalisation with the dependent variable, concurrent engineering project performance. Table 4 displays the correlation analysis used to evaluate`Hypothesis 3: Socialisation correlates with concurrent engineering project performance in a semiconductor-manufacturing¯rm'. The Pearson's correlation between socialisation and concurrent engineering project performance is 0.535 with a p-value of 0.000. Therefore, the relationship between socialisation and concurrent engineering project performance is positive and signi¯cant. Hence, Hypothesis H3 is supported. Table 5 displays the correlation analysis used to evaluate`Hypothesis 4: Externalisation correlates with concurrent engineering project performance in a semiconductor-manufacturing¯rm'. The Pearson's correlation between socialisation and concurrent engineering project performance is 0.566 with a p-value of 0.000. Therefore, the relationship between externalisation and concurrent engineering project performance is positive and signi¯-cant. Hence, Hypothesis H4 is supported. Table 6 displays the correlation analysis used to evaluate`Hypothesis 5: Combination correlates with concurrent engineering project performance in a semiconductor-manufacturing¯rm'. The Pearson's correlation between combination and concurrent engineering project performance is 0.645 with a p-value of 0.000. Therefore, the relationship between externalisation and engineering project performance is positive and signi¯cant. Hence, Hypothesis H5 is supported. Table 7 displays the correlation analysis used to evaluate`Hypothesis 6: Internalisation correlates with concurrent engineering project performance in a semiconductor-manufacturing¯rm'. The Pearson's correlation between combination and concurrent engineering project performance is 0.589 with a p-value of 0.000. Therefore, the relationship between internalisation and concurrent engineering project performance is positive and signi¯-cant. Hence, Hypothesis H6 is supported.
As explained in the previous section, a multiple linear regression using the stepwise method is used to evaluatè Hypothesis 7 -CAD use and knowledge management in°uence concurrent engineering project performance in a semiconductor-manufacturing¯rm'. Multiple regression is a family of techniques that can be used to explore the relationships between one continuous dependent variable and a number of independent variables or predictors (Bandara, 2007) . While it is based on the fundamentals of correlation,`regression analysis allows a more sophisticated exploration of the interrelationships among a set of variables' (Pallant, 2005, p. 140) . Tabachnick and Fidell (2001) provide a formula for calculating sample size ðNÞ requirements for regression. They explain that the adequate sample size should be N > 50 þ ð8Â the number of independent variables). The total number of respondents is 226 while the total number of independent variables tested is six for Hypothesis 7. Using the formula provided by Tabachnick and Fidell, the minimum sample size required would therefore be 50 þ ð8 Â 6Þ or 98 cases. As such, with 226 cases collected, the sample size criterion is met for this study.
Regression analysis
In addition, there is a need for the non-existence of multi-collinearity in multiple regression analysis. Multicollinearity refers to the relationships among the independent variables. Thus, multi-collinearity exists when the independent variables are highly correlated at a correlation coe±cient ðRÞ of 0.9 and above. Correlation matrices are recommended to be derived prior to regression analysis to test this (Tabachnick and Fidell, Table 5 . Externalisation -Concurrent engineering project performance correlation.
Test
Output Interpretation
Pearson's correlation 0.566*** Positive correlation Sig. (2-tailed) 0.000 Signi¯cant Notes: *Signi¯cant at p < 0:05 level, **signi¯cant at p < 0:01 level, ***signi¯cant at p < 0:001 level.
Source: Developed for this study. Table 6 . Combination -Concurrent engineering project performance correlation.
Test Output Interpretation
Pearson's correlation 0.645*** Positive correlation Sig. (2-tailed) 0.000 Signi¯cant Notes: *Signi¯cant at p < 0:05 level, **signi¯cant at p < 0:01 level, ***signi¯cant at p < 0:001 level.
Source: Developed for this study. Notes: *Signi¯cant at p < 0:05 level, **signi¯cant at p < 0:01 level, ***signi¯cant at p < 0:001 level. Source: Developed for this study. Table 7 . Internalisation -Concurrent engineering project performance correlation.
Pearson's correlation 0.589*** Positive correlation Sig. (2-tailed) 0.000 Signi¯cant Notes: *Signi¯cant at p < 0:05 level, **signi¯cant at p < 0:01 level, ***signi¯cant at p < 0:001 level. Source: Developed for this study.
2001). Pallant (2005, p. 150) suggests to examine for collinearity diagnostics, arguing that`these tests can pick up problems with multi-collinearity that may not be evident by the correlation matrix'. Two outcome variables calculated by the regression analysis are relevant here: the tolerance and variance in°ation factor (VIF).`Tolerance is an indicator of how much of the variability of the speci¯ed independent variable is not explained by other independent variables'. Pallant, (2005, p. 150) . This value should be greater than 0.1 to justify non-existence of multi-collinearity. VIF is the inverse of the tolerance value and should be less than 10 (Pallant, 2005, p. 150) . All the VIF and tolerance values for the multiple regression analysis conducted for this study are all within the prescribed range. Multiple regression analysis is known to be sensitive to outliers. Outliers are therefore normally identi¯ed by deriving standard residual plots to identify outliers. Those cases having a variable with a standard residual value greater than or equal to j3:3j on the scatter plots, were to be removed prior to running the regression tests (Tabachnick and Fidell, 1996) . The standardised residual values for all the regression tests conducted are less than j3:3j.
Regression formulae are based on the assumption that residuals are normally distributed around the predicted dependent variable scores. Normal probability plots were generated to test this. In the normal probability plots, the points should lie in a reasonably straight diagonal line from bottom left to top right, to con¯rm no major deviations from normality (Pallant, 2005; Tabachnick and Fidell, 1996) . In addition, the kurtosis and skewness values for the variables tested for the variables in this study are within the j1:0j range (Tabachnick and Fidell, 1996) .
Having satis¯ed the assumptions for regression analysis, both independent variables (CAD use and knowledge management) were regressed against concurrent engineering project performance and the results are summarised in Table 8 . From the analysis, it was discovered that CAD use for engineering design and socialisation have been removed due to their insigni¯cance as far as the analysis of CAD use and knowledge management in°uence in concurrent engineering project performance is concerned. The remaining variables contributing to this in°uence are internalisation, combination, CAD use for cross-functional information sharing and externalisation.
An R 2 of 0.553 was reported which indicates that 55.3% of the variance in concurrent engineering project performance is explained by CAD use for cross-functional information sharing, internalisation, combination, and externalisation. Table 8 presents the results of the analysis that con¯rm that these four variables make a signi¯cant contribution (with reported signi¯cance levels of less than 0.05) to concurrent engineering project performance. Internalisation has the highest value in explaining the variance in concurrent engineering project performance with a reported of 0.184 while combination, externalisation, and CAD use for cross-functional information sharing each has a of 0.174, 0.126 and 0.165 respectively. In addition to that, the model is signi¯cant as indicated by the ANOVA results of F ð2; 223Þ ¼ 68:442; p < 0:001. As such, it can be concluded that CAD use and knowledge management in°uences concurrent engineering project performance resulting in Hypothesis H7 being supported.
Based on the correlations, reliability and multiple linear regression analysis conducted for Hypotheses 1, 2, 3, 4, 5, 6 and 7, it can be concluded for correlations analysis that all six hypotheses are supported as a signi¯cant relationship exists between the independent variables and concurrent engineering project performance. In addition, CAD use and knowledge management explains 55.3% of the variance in concurrent engineering project performance.
Discussion
Theoretical implications
The data analysis from the previous section showed that CAD use and knowledge management plays a signi¯cantly positive and important role in concurrent engineering project performance. The discussions for this¯nding can be broken down into two components, which are CAD use and knowledge management.
CAD use. In the correlation analyses for CAD use in concurrent engineering project performance, the variables tested which consist of CAD use in engineering design and CAD use in cross-functional information sharing were found to be positively and signi¯cantly correlated with concurrent engineering project performance. The¯nding on CAD use in engineering design is coherent with thē ndings of Anumba (1996) who suggested that the practical facets of CAD systems need adequate attention to allow for e®ective systems that support design and new product development to be built. The¯nding on CAD use in cross-functional information sharing is consistent with the¯ndings of Jokinen (1998) who explains that e®orts to improve the availability of design is necessary to allow jobs to be facilitated easily while increasing productivity levels at the same time.
Knowledge management. It was found that all four variables of knowledge management, which are socialisation, externalisation, combination and internalisation were signi¯cantly and positively correlated with concurrent engineering project performance. Socialisation has a signi¯-cant a®ect on concurrent engineering project performance and this is consistent with prior¯ndings by Lawson et al. (2009) who posit that socialisation methods like group conferences, multifunctional teams and joint workshops enable people to connect together by means of communications. This in turn generates networks in inter-reliant societal relations and improves common con¯dence levels along with value through new product development groups.
In terms of externalisation, the¯ndings in this study are consistent with the¯ndings of Tsai and Li (2007) who concur that externalisation helps sta® to convey pictorial information or thoughts as considerable conceptions and ideas that are desired for new product development and improvement. The correlation between combination and concurrent engineering project performance proved to be the highest with an r value of 0.645. For this¯rm, connection, recon¯guration and alternative expression of explicit elements result in a strong organisational combination process (Martın-de-Castro et al., 2008) . Thus, this nding addresses the concerns of Sapienza et al. (2004) who assert that it may not be certain whether knowledge combination leads to improved product development or continuous improvement. Lastly, in terms of internalisation, the¯ndings obtained from this study are positive and signi¯cantly correlated with concurrent engineering project performance, which is coherent with the¯ndings of Li et al. (2009) who suggest that the internalisation upholds the actualisation of new product development or continuous improvement within the¯rm. CAD use and knowledge management. When testing the in°uence of all variables in CAD use and knowledge management towards concurrent engineering project performance, it was found that two variables were removed after performing the stepwise multiple linear regression method because they were not signi¯cant. The two variables were CAD use for engineering design and socialisation.
Hypothesis 7 analyses the in°uence of both CAD use and knowledge management. It is understandable when the variable CAD use for engineering design was removed because CAD use in this context converges more towards design rather than knowledge or information sharing. Also, due to the limitations of long-established software, large amounts of manufacturing data in iterative design processes fail to be shared by users (Peng and Trappey, 1996) . This suggestion can also cause CAD use in engineering design to be more rigid as far as knowledge sharing is concerned in this¯rm.
The socialisation variable was removed in this test because tacit knowledge is often a result of implicit learning, which is context-speci¯c, personal and di±cult to communicate (Mittendor® et al., 2006) . In the context of this hypothesis that involves the use of CAD as well, socialisation, which involves tacit and subjective knowledge is difcult to be expressed in¯gures, which are common elements in CAD applications (Watanabe and Salmador, 2007) .
Apart from that, it was discovered that 55.3% of the variance in concurrent engineering project performance is explained by the remaining variables of CAD use and knowledge management, which consisted of CAD use for cross-functional information sharing, externalisation, combination and internalisation. This¯nding provides evidence that the use of CAD coupled with knowledge management approaches have a signi¯cant in°uence in improving concurrent engineering project performance.
Practical implications
The results of this study were based on a population in a semiconductor-manufacturing¯rm in Malaysia that practiced the use of CAD and knowledge management approaches signi¯cantly. From all the¯ndings in the correlation study, it can be inferred that this¯rm does obtain a positive feedback in terms of concurrent engineering project performance by applying CAD and knowledge management approaches.
However, in order to apply both of them simultaneously in their product development and manufacturing life cycle more e±ciently, the¯rm should focus their attention more on linking their CAD information across all departments to promote visibility of all the related CAD information available for their respective engineering projects. By doing this, CAD information can be accessed with ease along with fast approvals and veri¯cations throughout the whole life cycle of the manufacturing and development process. This is supported by Swink et al. (1996) who suggest that networked CAD systems, co-location and integration teams were used to improve information access and information quality in complex environments.
Promoting a shared network in CAD systems would provide a better focus for this¯rm rather than focusing on the integration on their CAD design applications at every phase or process. This notion is supported by Anumba (1996) who believes that it will take some time before completely integrated design applications pertinent to every phase of the design process is realised.
Since the¯rm exhibits a relatively strong practice in terms of its knowledge management techniques, it is adequate that their focus in CAD use is geared towards their knowledge management approach as well. The evidence is from the correlation factors that are generated by their knowledge management variables, which prove to be signi¯cant and above 0.5.
Also, when coupled with the usage of CAD, knowledge management approaches tend to be more geared towards externalisation, combination and internalisation. This is relevant for the¯rm because in engineering projects, an engineer may tend to emphasise and rely more on data collection and documentation for their problem solving and solutions rather than social dialogues or meetings to capture tacit knowledge. This is consistent with the¯nd-ings of Faniel and Majchrzak (2007) who believe that an engineer is apt in using facts sourced from supplementary areas once these facts are available in summarised form for them to better understand the knowledge and establish roles the knowledge may contain in current problems.
Limitations
The main limitation is the sampling method employed which limits the generalisability of this study beyond the context of this¯rm. Due to time as well as budgetary constraints, this study took on an exploratory approach in which it was only conducted within a large semiconductormanufacturing¯rm in Malaysia. As such, the¯ndings of this study need to be interpreted within this context and cannot be generalised to other semiconductor-manufacturing¯rms in Malaysia.
Apart from that, used of advanced modelling methods in this study is also not possible because the conceptual model is developed as such that the variables are not able to be simultaneously tested among each other. This limits the possibility of discovering more relations and a®ects among the dependent and independent variables.
Conclusion
This study has provided empirical evidence that CAD use and knowledge management in a semiconductor-manufacturing¯rm in°uences concurrent engineering project performance. In addition, the speci¯c variables in CAD use and knowledge management that play a more signi¯-cant role in enhancing concurrent engineering project performance are internalisation, externalisation, combination and CAD use for cross-functional information sharing. This research has con¯rmed previous work that CAD use and knowledge management will a®ect the e±-cacy of concurrent engineering project performance.
The results demonstrate that the¯rm's CAD applications, which are coupled with knowledge management practices, should be more geared towards knowledge and information sharing rather than integrating design applications pertinent to every phase of the design process (Anumba, 1996) . However, the results provide a better understanding of the relationships among CAD use, knowledge management and concurrent engineering project performance. Thus, the¯ndings have also provided there should be measures taken by the¯rm in order to improve the CAD use and knowledge management practices while at the same time maintain and increase its focus on internalisation, externalisation, combination and CAD use in cross-functional information sharing.
It is hoped that the factors proposed in this study would help manufacturing¯rms in Malaysia to improve the CAD use and knowledge management practices for better and improved concurrent engineering project performance in order to create knowledgeable and skillful project leaders in the manufacturing¯rm. Overall, it is observed that CAD use and knowledge management play important roles as sources of competitive advantage for manufacturing¯rms.
